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Removable Conformal Liners for Centrifuge Containers 

Area of the Art 

The invention relates to removable liners for centrifuge containers and a method of 
using such liners for separating solids from suspensions by centrifugation. 

5 Description of the Prior Art 

Centrifugation is a widely used method for separating solid and liquid phases of 
suspensions. The solid phase is more dense than the liquid phase, and during centrifugation, 
solids settle at the bottom of the centrifuge container, forming a dense pellet. The lighter 
liquid phase forms a top layer, also called a supernatant. At the end of centrifugation, the 

10 supernatant can be decanted and the pellet harvested or discarded. The initial separation step 
may be followed by wash steps. During a wash step, the pellet is resuspended in a wash liquid. 
The resuspended solid component then may be pelleted once again by means of centrifugation 
and the supernatant wash liquid decanted from the container. In certain applications, this step 
can be repeated several times with the same or a different wash liquid. 

1 5 Currently, tube-carrying rotors, as well as bowl-type centrifuge rotors, are available on 

the market. The following discussion is limited to tube-carrying rotors of which there are three 
main typ.es: swinging bucket rotors, fixed angle rotors and vertical tube rotors. All three types ■ 
of tube-carrying rotors include a plurality of symmetrically located cavities, adapted to receive 
sample containers. Sample containers for centrifugation are manufactured in a variety of sizes, 

20 materials, wall thicknesses and sealing means to accommodate chemically active samples and a 
wide range of operating conditions. 

The existing designs of centrifuge containers, however, do not offer an easy access to 
pellets for their harvesting or disposal. In applications dealing with diluted suspensions, 
complete harvesting of a pellet can be particularly difficult. In some applications, sample 

25 containers have to be cut to retrieve a pellet, which is not always an economically feasible 

option. Also, existing centrifuge containers cannot accommodate applications where the pellet 
is a hazardous material (e.g., a biohazard) and a minimal direct handling of the pellet by a 
technician is desirable. Furthermore, cleaning of the centrifuge containers from the solids 
remaining on the walls after the pellet is harvested requires laborious and tedious scrubbing and 

30 washing. The difficulty of thorough cleaning of the centrifuge container further increases as 

the dimensions of the neck opening of the container decreases. That is, whereas some types of 
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solid . residue may be easily cleaned from wide-mouthed bottles, such residue becomes .more 
difficult to remove where the bottle is of narrow-mouthed construction. Also, the 
manufacturing of conventional centrifuge containers requires that materials are selected 
according to their structural strength and fatigue resistance, and not necessarily for their 
5 chemical or sterilization resistance. However, the mechanical strength of the materials does 
not always correspond to their chemical and physical resistance. Consequently, certain . 
chemically aggressive materials cannot be processed in conventional centrifuge containers or 
require bulky and expensive designs. Finally, when an aseptic procedure is called for, the 
centrifuge containers have to-be sterilized, which often takes 30-60 minutes. This relatively 
10 long preparation time of a conventional centrifuge container further decreases efficiency of the 
sample processing. 

The conventional centrifuge container designs, therefore, fail to provide convenient 
methods for the separation of solids by centrifiigation with little or no time required for 
cleaning and sterilization of the containers prior to the next centrifugal cycle. The conventional 
15 designs are also limited to only certain types of samples that can be processed. 

Summary of the Invention 

It is an object of the present invention to develop a cost-efficient, rapid and convenient 
method for the separation of the solids from suspensions by centrifiigation. Particularly, it is 

20 an object of the present invention to develop a centrifuge container assembly that minimizes 
the time required for its cleaning, reduces direct exposure of a technician to hazardous pellets 
and, at the same time, increases the efficiency of the pellet harvesting. It is also an object of 
the present invention to develop a centrifuge container assembly that provides a sample-tight 
seal and prevents sample spilling during centrifiigation. 

25 These and other objects and advantages are achieved in a removable conformal liner of 

the present invention. The liner is designed to have a flexible or semi-rigid body with an 
opening for introducing a sample. When the liner is inserted into an internal cavity of a 
centrifuge container, the body of the liner conforms to the shape of the interior cavity. The 
liner body may be made of a material that is sufficiently resilient to allow a reversible 

30 deformation of the body by folding, twisting, collapsing, rolling, or pleating. The liner body 
may be deformed in any way, as long the deformation does not cause irreversible structural 
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damage to the liner. The liner may have a strengthening structure for increasing the strength of 
the liner body. A liner of this invention may also contain an integrally formed sealing structure 
for providing a seal between the liner and the centrifuge container when assembled. The 
sealing structure extends outwardly from the side wall of the liner body and may have an o- 
5 ring-like structure. 

In another aspect, the present invention provides a removable centrifuge container 
assembly. The assembly includes a centrifuge container with an interior cavity and an opening, 
and a removable liner with a flexible or semi-rigid body placed in the container. In one 
embodiment, the liner body is made of a sufficiently resilient material, which allows a reversible 

10 deformation of the liner body. This embodiment is particularly advantageous for use with 
containers which have a narrow neck. When the liner body is made of a resilient material, .-it 
may be deformed in such a way that its dimension is sufficiently reduced so that it can fit 
through the neck of the container. Once released inside the container, the liner unfolds to 
allow placement of a sample. The centrifuge container assembly of this invention may also 

15 have a retaining-means for retaining the liner in a fixed position within the container. The 
retaining-means may comprise a first mating element formed on the liner body and a second 
mating element formed on the container. The first and the second mating elements are capable * 
of engaging each other in order to secure the liner. Alternatively, a top portion of the liner 
may be draped over the edge of the container opening and secured with a retaining-means, 

20 such as a tie wrap or a resilient member. 

The present invention also overcomes deficiencies of the prior techniques by providing 
a method of using removable conformal liners for centrifuge containers in separating the solids 
from suspensions by centrifugation. In this method, the removable conformal liner of the 
present invention with a flexible or semi-rigid body is placed into a centrifuge container. Once 

25 inside the container, the liner body conforms to the shape of the interior cavity of the container. 
The step of placing the liner may include deforming the liner body to reduce its dimension and 
fitting the deformed liner through the container opening. The method may further include a 
step of immobilizing the liner with a retaining-means. When centrifugation is completed, the 
liner is removed from the container with the pelleted solids contained in the liner. The pelleted 

30 solids on the liner may be either harvested or discarded. 
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' The present invention has been found to provide a number of advantages. The , 
centrifuge container assembly can be used to recover the solids from a broad range of 
suspensions, which includes, but is not limited to, biological materials, such as cell lysates, 
blood, urine and culture media, and industrial fluids, such as waste washout liquids and sludge. 
5 The invention is particularly advantageous in applications dealing with the recovery of the 
soiids from the diluted samples and in applications where limiting direct exposure of a 
technician to hazardous pelleted solids is desirable. 

The liner of the present invention can be designed to fit a wide variety of centrifuge 
containers, including, but not limited to, centrifuge containers used in a swinging bucket, and 

10 vertical tube and fixed angle rotors. For example, a centrifuge container assembly of this 
invention has been found to be useful with swinging bucket rotors JS3.4A and JS-5.0A for- 
Avanti J and J2 family of centrifuges (Beckman Instruments, Fullerton, CA). 

The liners of this invention can be made disposable, which eliminates the need for the 
mechanical cleaning of the centrifuge containers and reduces exposure of a technician to 

15 hazardous solid materials. The use of such disposable liners also permits the centrifuge 

containers to be used with the increasing numbers of suspensions, as the difficulties previously 
encountered in cleaning the containers of certain pelleted solids become obviated when all that 
is necessary is to dispose of the liner. For additional convenience, the disposable liners can be 
sterilized to accommodate the aseptic sample processing or fabricated in a defined particle, 

20 clean environment. The liners can be made of a material that is resistant to gamma, E-beam, 
and ETO sterilizing techniques. The liners may also be made of materials that are puncturable, 
resistant to freeze-thaw cycles, clear, chemically resistant, or have other properties useful in 
particular applications. A disposable and sterile liner of the present invention provides an 
inexpensive and convenient method for the improved recovery of the solids by centrifiigation, 

25 which makes mechanical cleaning and sterilization of the centrifuge containers unnecessary. 
Finally, the liners of this invention assist in creating a sample-tight seal between a centrifuge 
container and a closure, thus preventing the sample from leaking during centrifiigation. 

The present invention is defined in its fullest scope in the appended claims and is 
described below in its preferred embodiments. 
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Description of the Figures 

The above-mentioned and other features of this invention and the manner of obtaining 
them will become more apparent, and will be best understood by reference to the following 
5 description, taken in conjunction with the accompanying drawings, in which: 

FIGURE 1 is a front view of the liner of the present invention, showing various 
configurations of a bottom portion of the liner. 

FIGURE 2A shows a centrifuge container assembly with a flexible liner. 
' FIGURES 2B-2D are cross-sections of a top portion of the centrifuge container 
10 assembly showing various configurations of the liner-retaining means with a lip structure 
formed on the container according to embodiments of the present invention. 

FIGURES 3 A-3C are front views showing deformation of the liner according to 
embodiments of the present invention. 

FIGURES 4A-4E are partial cross-sectional views showing liner-retaining means 
15 according to embodiments of the present invention. Figures 4 A and 4B show retaining the 
liner with an integrally formed sealing structure. Figure 4C shows retaining the liner with a 
closure having an integral o-ring. Figures 4D and 4E demonstrate retaining the liner between a 
closure and the container edge of various configurations. 

FIGURES 5 A and 5B show a liner with a removable internal support structure, which 
20 is provided as a separate element (FIGURE 5A) or as a part of the closure assembly (FIGURE 
5B). 

FIGURES 5C-5F show various configurations of the internal support structure. 
FIGURES 6A and 6B show a liner with a single elongated member (FIGURE 6A) and 
a plurality of elongated members (FIGURE 6B). 
25 FIGURE 6C is a cross-sectional view showing placement of the liner with an elongated 

member into a centrifuge container according to one embodiment of the present invention. 

FIGURE 7 is a cross-sectional view of a liner placed inside the container, which is 
formed by two cooperating members according to an embodiment of the present invention. 
FIGURES 8 A-8C are cross-sectional views of the top portion the of centrifuge 
30 container assembly with a screw-on closure (FIGURE 8A) or a stopper-like closure 
(FIGURES 8B and 8C) according to embodiments of the present invention. 
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• FIGURE 9 is a cross-sectional view of the centrifuge container assembly fitted with an , 
adapter according to an embodiment of the present invention. ( 

Detailed Description of the Invention 
5 Referring to Figures 1 and 2A, a removable liner 1 for a centrifuge container 

embodying the present invention comprises a fiexibie or semi-rigid body 2 with an opening 3 
for introducing a sample. As shown in Figure 2A, once the liner of this invention is inserted 
into a centrifuge container 11, the liner body conforms to thejnteri or s hapeof thexontainerr— 
For the purpose of this invention, a flexible or a semi-rigid liner body is made of any 

10 material that allows a deformation of the liner body without breakage. The semi-rigid liner 

body of this invention is a freestanding structure that can maintain its 3-D shape outside of the 
container, both when empty and when filled with a sample. The flexible liner body, on the 
other hand, cannot support the weight of a sample on its own outside of the container. Both 
semi-rigid and flexible liner bodies can be made of a wide range of materials, including, but not 

1 5 limited to, paper, carton, polyethylene, polyvinylchloride (P VC), ethyl vinyl acetate (EVA), 

polyethylene terephthalate (PETG), urethane, or any other polymer material that meets medical 
requirements and can be used in a film configuration would work. 

In one embodiment, the liner body is made of a sufficiently resilient material, which 
allows a reversible deformation of the liner body. For the purpose of this invention, reversible 

20 deformation means that the deformed liner body returns to its original shape when the 

deformation force is released. Examples of reversible deformation include, but are not limited 
to, pleating (Figure 3A), rolling (Figure 3B), twisting (Figure 3C), folding, and collapsing. The 
liner body may also be deformed in other ways, as long as the deformation does not cause 
irreversible structural damage to the liner. The liners, made of resilient materials, are 

25 particularly useful for containers with a narrow neck. For example, the liner body may be 

deformed in such a way that its dimension is sufficiently reduced so that it can fit through the 
neck of the container. Once released inside the container, the liner unfolds to allow placement 
of a sample. 

The liner of this invention may corfo rm to the shape of thejnt^r^avity of the 
30 container due to a clinging property of thejjner body. This liner type provides the advantage 
of remaining in a fixed position inside the container cavity without any additional retaining 
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devices. Alternatively, the liner may conform to the interior cavity as a result o£a. hydraulic 
load created by the sample during its introduction into the liner or during centrifugation. 

The shape of the liner body is not critical and is chosen to conform to the shape of the. 
interior cavity of the container. For example, as shown in Figure 1. the liner body may have a 
5 cylindrical shape with flat, spherical or conical bottom 4 tQ'ma_t£h jhe shape of the internal 

cavity of the container. The cylindrical shape of the liner may be useful when a container with 
a wide-open mouth is used. The liners of this invention may also contain a strengthening 
structure for increasing the strength of the liner body. The strengthening structure may be 
integrally formed on a side wail 5 of the liner body in the form of a fold or a pleat 6 (Figure 1}. 

10 The liner of this invention may contain a plurality of such strengthening structures. It should 
be apparent that other shapes and conformations of the liner could be employed, as long as 
they conform to the shape of the container internal cavity when inserted into the container. 

Referring to Figures 2A and 2B, the length of the liner body 2 may be larger than the 
depth of the interior cavity of the container 11. Such an arrangement allows the draping of a 

15 top portion 12 of the liner, which extends beyond the edge 13 of the container opening, over 
the edge of the container. In some embodiments, the draped top portion of the liner is fixed in 
place by a retaining-means 14, shown in Figure 2B and discussed in detail below. 

Referring to Figures 1 and 4A, the liner of this invention may contain an integrally 
formed peripheral sealing structure 7. The sealing structure extends outwardly from the side 

20 wall 5 of the liner body. As shown in Figure 4 A, the liner with the sealing structure may be 
used in conjunction with a centrifuge container having a complementary groove 41 on the 
external surface of the container side wall. When assembled, the top portion 12 of the liner 
body may be draped over the edge of the container 13 in such a way that the sealing structure 
fits into the groove 41 and forms a seal between the liner and the centrifuge container. The 

25 sealing structure may be further immobilized within the grove by attaching a closure 42 to the 
container. Although different shapes of the sealing structures may be used, in a preferred 
embodiment the sealing structure 7 has an o-ring-like structure. 

Referring to Figures 5A and 5B, the liner of this invention may also contain a 
removable internal support structure 50 for restraining the liner within the centrifuge container 

30 during centrifugation and decanting (the container is not shown in Figure 5A for clarity). A 
particular shape of the support structure 50 is not crucial, as long as it provides a lateral 
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restraining support and prevents the liners from collapsing during centrifugation. Referring to 
Figures 5A and 5C-5F, examples of acceptable configurations of the support structure 50 
include, but are not limited to, frames (Figure 5A), curved self-supporting members (Figure 
5C), and multi-axis two-member assemblies (Figures 5D-5F). Referring to Figure 5D, multi- 
5 axis support structures may include two curved members 50A and '50B designed to support 
each other. Alternatively, referring to Figures 5 E and 5F, multi-axis support structures 50C 
and SOD may be of a snap-together design. When partially filled liners are subjected to 
centrifugation, the support structure 50 is particularly useful. The support structure 50 is 
especially advantageous with targe (more than 1 L) containers. The support structure 50 may 

10 be made of any rigid material. Examples of such materials include, but are not limited to, 
plastic, laminated paper and cardboard. In one embodiment, the support structure 50 is • 
integrally formed on the internal surface of a closure 51 and has a frame-like structure (Figure 
5B). Such an integral one-piece assembly is advantageous in certain applications, as it 
simplifies removal of the support structure. 

15 Referring to Figures 6 A and 6B, the liner of this invention may also contain an 

elongated hollow member 61 for filling the liner body 2 with the sample, removing trapped air, 
and discharging supernatant. The elongated member may be attached to or integrally formed 
with the edge of the liner opening 62 and extended outwardly from the liner body. The size 
and shape of the elongated member is not crucial as long as it allows filling the liner body with 

20 a sample. The liner may have a plurality of such elongated members 61, having either the same 
or different shape and size (Figure 6B). 

In certain applications, it might be desirable to have disposable liners. Because of the 
simplicity of the construction and the nature of the materials involved, the liner can be made 
disposable so it can be discarded after use, which eliminates the need for the mechanical 

25 cleaning of the centrifuge containers and reduces exposure of a technician to hazardous solid 
materials. The use of such disposable liners also permits the centrifuge containers to be used 
with increasing numbers of suspensions, as the difficulties previously encountered in cleaning 
the containers of certain pelleted solids become obviated when all that is necessary is to 
dispose of the liner. For additional convenience, the disposable liners can be pre-sterilized by a 

30 manufacturer to significantly reduce the time required for the preparation of the centrifuge 
containers for the aseptic sample processing by an end-user. 
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The liner of the present invention can be easily designed to fit a wide range of 
centrifuge containers by simply changing its shape and size. The liners can be used with 
virtually any type of centrifuge container, including, but not limited to, jars, bottles, cups, and 
tubes for use with any centrifuge. In one embodiment, the liners are used with centrifuge 
containers for the swinging bucket rotor centrifuges. In another embodiment, the liners are 
used with the centrifuge containers for the fixed angle rotor centrifuge. 

Another aspect of the present invention provides a centrifuge container assembly 
comprising, as illustrated in Figure 2A, a container 11, suitable for centrifuging, and the 
removable liner with a flexible or semi-rigid body 2 placed in the container. The centrifuge 
container has an internal cavity 17 and an opening 18 for receiving a sample. The liner has an 
opening 3 and a side wall 5, best seen in Figure 1 . When inserted into the cavity of the 
container, the liner body conforms to the shape of the internal cavity of the container. In some 
embodiments, the liner is left open after filling with the sample. Alternatively, the liner may be 
sealed by any method. For example, the liner may be heat sealed (laminated), twisted and tied, 
zip-locked or sealed with a pressure sensitive adhesive. 

The container of this invention may be any type of a centrifuge container, including, but 
not limited to, jars, bottles, cups and tubes for use with any centrifuge. In one embodiment 
shown in Figure 7, the centrifuge container comprises a first member 11A with a first cavity 
70A and a second member 11B with a second cavity 70B. The first and the second members 
cooperate to form the interior cavity of the container for receiving the liner. While a semi-rigid 
liner may be placed between members 11A and 11B unsealed, a flexible liner may be required 
to be sealed prior to the container assembling. In one embodiment, shown in Figure 7, the 
liner 2 is fully enclosed and sealed between the members 11A and 11B. The methods and 
means of assembling two cooperating structures are well-known in the art. For example, one 
member may have a plurality of recesses and the other member may include a plurality of 
corresponding projections. The projections fit closely into the recesses and snap-lock when 
fitted therein. Any other structures for connecting two members may be employed, as long as 
they provide a secure assembly. 

As shown in Figures 2A and 2B , the centrifuge container assembly of this invention 
may have a liner with a top portion 12 extending beyond the edge 13 of the container opening. 
The top portion 12 may be draped over the edge 13, as shown in Figure 2A. 
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1 Referring to Figures 8 A and 8B, the centrifuge container assembly may include ,a 
closure 42 A or 42 B for closing the container and confining the sample within. In one 
embodiment, closure 42 A is screwed onto the container by means of a thread 81 (Figure 8 A). 
In another embodiment, a stopper-like closure 42B, without a thread, is used (Figure 8B). In 
5 both embodiments, the interior surface 83 of the closure rests on the edge 13 of the container 
opening and immobilizes the draped top portion 12. When the closure is tightened, it applies a 
downward force to the top portion of the liner and forces it to confirm to the configuration of 
the container edge. Consequently, the liner fills voids between the closure and the container 
and improves integrity of the seal therebetween. 

10 Referring to Figure 8B, the embodiment, utilizing a stopper-like closure 42B, is mostly 

useful with, but not limited to, swinging bucket applications, where axial loading is in line with 
the center axis of the container. The liner used in this configuration may be either flexible or 
semi-rigid. The semi-rigid liner may be more convenient in certain applications, because it 
would stay in place while the closure is being inserted. Also, a semi-rigid liner does not fold or 

15 collapse as the fluid level is lowered due to decanting of the liquid sample. Retaining-means, 
which will be discussed below, may be required to keep a flexible liner in place while the 
closure is inserted. 

Referring to Figure 8 A, the threaded closure 42A may be used in conjunction with a 
plug 84 for further improving the sample-tight seal between the closure and the container. The 

20 plug has a top portion 84A and a bottom portion 84B. The bottom portion of the plug is 
inserted into the liner opening, and the top portion of the plug rests on the edge 13 of the 
container between the closure 42 A and the liner 1. When the threaded closure 42 A is 
tightened, the plug transfers the downward force from the closure to the liner and forces the 
liner to conform to the configuration of the container edge and the thread. Consequently, the 

25 plug 84 further improves the seal between the closure and the container. This type of the 

centrifuge container assembly is particularly useful with the fixed angle and swinging bucket 
applications. Since, in these applications, samples may come into contact with the closure, a 
leak-proof seal between the container and the closure is especially important. 

In some embodiments, the centrifuge container assembly may contain retaining-means 

30 for retaining the liner in a fixed position within the container. The retaining-means may 

comprise a tie wrap or a resilient member 14 placed on top of the draped top portion 12 of the 
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liner, as shown, for example, in Figure 2B. The resilient member may be any structure that 
conforms to the outside surface of the container and retains the liner in place. Examples of 
suitable resilient members include, but are not limited to, rubber and elastic bands, o-rings, and 
the like, as would be known to those skilled in the art. 

Alternatively, the retaining-means may comprise two mating elements, one formed on 
the liner body and the other formed on the container. The mating elements engage each other 
in order to secure the liner. 

In one embodiment shown in Figure 4A, the first mating element is a peripheral sealing 
structure 7 integrally formed with the liner body and projected outwardly from the liner side 
wall, and the second mating element is a groove 41 formed on the container side wall (Figure 
4A). When a closure 42 is tightened, the sealing structure becomes immobilized within the 
groove 41. Alternatively, as shown in Figure 4C, the closure 42 itself may have an o-ring 
structure 44. The o-ring structure on the closure presses the liner into the container groove 

41, immobilizing the liner and forming a tight seal with the container. 

The liner with the integral peripheral sealing structure 7 may also be used with a 
container without a matching groove. For example, as shown in Figure 4B, the liner may be 
draped over the edge of the container having a sealing surface 45 and immobilized by a closure 

42. Once attached, the closure traps the sealing structure 7 of the liner on the outside of the 
container, preventing the liner from being pulled inward. 

Referring to Figures 4D and 4E, the centrifiige container assembly of this invention 
may further comprise a container closure 42 having an internal surface 43 in contact with and 
conforming to the container edge 13. In these embodiments, the container edge 13 forms one 
mating element and the internal surface 43 of the closure forms another mating element of the 
retaining means. These mating elements engage each other in order to restrain the liner from 
moving. For example, the edge 13 of the container may be serrated and angled with respect to 
the centerline A-A of the container 11 and the internal surface 43 of the closure 42 may have a 
matching serration (Figure 4D). When the closure is tightened on the container, the liner is 
forced to fill gaps between the mating surfaces of the closure and the container, locking the 
liner in place and forming a liquid-tight seal. In another example shown in Figure 4E, the edge 
13 of the container has a convoluted profile and the internal surface 43 of the closure 42 has a 
matching configuration. This design has the advantage of increasing the grip on the liner and 
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creating a torturous path for fluid, thus preventing leakage of a sample from the container 
during centrifugation. Alternatively, a separate gasket may be .used to improve the seal 
between the closure and the container and to fix the liner in place. 

In another embodiment, best seen in Figures 2B-2D, one of the mating elements of the 
5 retaining means is a lip 20 integrally formed along the container edge 13 and projected 
outwardly from the edge of the container. When a centrifuge container has a lip, the top. 
portion of the liner is draped over the lip. The draped portion of the liner may be secured with 
a tie wrap or a resilient member. Alternatively, as shown in Figure 2B, the liner-contacting 
surface of the Hp 21 may be made of a gripping material to hold the liner in place. For the 

10 purpose of this invention, a gripping material is a material with high friction coefficient. The 
gripping materials are well-known to those skilled in the art, and include, for example, rubbery 
or gummy materials. Self-loading of the liner material is negligible during centrifijgation and 
does not pull the liner into the container. Yet, the stretching load on the liner is significant 
enough for the gripping material of the lip to engage the liner. 

15 A semi-rigid liner of this invention may comprise a hook-like structure 22, as shown in 

Figure 2C, forming one of the mating elements. The hook-like structure extends outwardly, 
from the liner opening and perpendicularly to the liner side wall and conforms to the shape of 
the lip. Once the liner is placed into the container, the hook-like structure catches the lip and 
fixes the liner in place. In this embodiment, the semi-rigid liner is sufficiently rigid to retain the 

20 shape of the hook-like structure during sample loading and centrifugation. 

Referring to Figure 9, the centrifuge container assembly of this invention may also 
include and adapter 91 for reducing the size of the internal cavity of the container 11. The 
adapter has a hollow 92 for receiving the liner, and conforms to the shape and tightly fits 
within the internal cavity of the container. The liner fits inside the hollow and conforms to its 

25 shape. The adapter provides additional flexibility in using centrifuge container assembly of this 
invention by allowing the use of large containers for centrifuging small sample volumes. 
Additionally, the adapter allows the reduction of the cross section of the liner, thereby 
decreasing the length of the particle precipitating path and increasing the efficiency of the 
centrifugation in fixed angle applications. 

30 In one embodiment, the adapter comprises two members, 91A and 91B, cooperating to 

form the hollow for receiving and supporting the liner. Such an arrangement simplifies the 
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removal of the liner from the support structure and from the container. Methods and means of 
assembling two cooperating structures are well-known in the art. For example, one member 
may have a plurality of recesses and the other member may include a plurality of 
corresponding projections. The projections closely fit into the recesses and snap-lock when 
fitted therein. Any other structures for connecting two members may be employed, as long as 
they provide a secure assembly. Additionally, a plug 93 may be utilized to prevent the escape 
of aerosols from the sample being centrifiigated. The plug also keeps the liner 1 in place 
during centrifugation. This split removable adapter could be fabricated in different 
configurations and sizes to fit any centrifuge container. 

Another aspect of this invention is directed to a method of separating solids from 
suspensions by centrifugation. The method comprises the steps of: 

a) providing a centrifuge container with an interior cavity and an opening; 

b) providing a removable liner comprising a flexible or semi-rigid body with an 
opening for introducing a sample, and 

c) placing the liner into the container, wherein once inserted, the liner body conforms 
to the shape of the interior cavity of the container. 

As discussed above, substantially any centrifuge container, including, but not limited to, 
containers used with the swinging bucket rotor and the fixed angle rotor centrifuges, can be 
used when practicing the present invention. In accordance with one embodiment of the present 
invention, the step of placing the liner comprises: 

deforming the liner body to reduce its dimension; and 

fitting the deformed liner through the container opening. 

This embodiment is particularly useful when a centrifuge container has a narrow neck. 
Since the deformed liner has reduced dimensions, it can fit through the neck of the container. 
Once inside the container, the liner unfolds and conforms to the shape of the interior cavity of 
the container. The deformation of the liner body may be carried out by any method, including, 
but not limited to, folding, twisting, collapsing, rolling, pleating, and their combinations. 

After placing the liner into the centrifuge container, a liquid sample may be introduced 
through the open end of the liner by suitable means to fill the liner. The liner may be fully or 
partially filled. In some embodiments, the liner is left open after filling with the sample. 
Alternatively, the liner may be sealed by any method. For example, the liner may be heat- 
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seale.d (laminated), twisted and tied, zip-locked or sealed with a pressure sensitive adhesive. In , 
one embodiment disclosed in Figure 7, the centrifuge container comprises a first member 1 1 A 
with a first cavity 70A and a second member 1 1 B with a second cavity 70B. The first and the 
second members cooperate to form the interior cavity of the container for receiving the liner. 
5 In this embodiment, the liner may be filled with the sample before, the step of placing the liner 
into the container. For example, the liner may be filled with a sample and placed into cavity 
70A of the member 1 1 A. The second member 1 1 B is then placed in a facing relation with the 
member 1 1A, and members 11A and 11B are assembled to enclose the liner. The entire 
assembly is then inserted intq^a rotor bucket 71. 

10 The length of the liner body may be larger than the depth of the internal cavity of the 

container, and the step of placing the liner into the container may further comprise draping the 
top portion 12 of the liner over the edge 13 of the container opening, as shown, for example, in 
Figure 2A and explained in detail above. The method of separating solids from suspensions by 
centrifugation may further comprise a step of immobilizing the liner with retaining-means, also 

15 disclosed above. 

In one embodiment shown in Figures 6A-6C, the liner has an elongated hollow member 
61 for introducing the sample and removing trapped air. The elongated member is attached to 
or integrally formed with the edge of the liner opening 62, and the elongated member extends 
outwardly from the liner body (Figure 6 A). A juncture 62 is formed at the point where the 

20 elongated member 61 attaches to the liner body 2. In this embodiment, the step of placing the 
liner includes: filling the liner with the sample through the elongated member; sealing the 
juncture of the liner; and positioning the liner into the container (Figure 6C). This elongated 
member may be sealed by mechanical means, such as clamps, by heat sealing, or by bending 
the elongated member at the juncture. When the bending method is used, the liner may be 

25 placed into the container in such a way that the elongated member 61 is bent at the juncture 62 
and its open end 63 is snaked to the outside. For example, as shown in Figure 6C, the liner 
may be placed so that the juncture 62 is positioned on the bottom of the container and the open 
end 63 of the elongated member is located at the open end of the container. This placement 
utilizes the centrifugal forces to pressure-seal the juncture 62 of the liner. 

30 The container assembly filled with the sample may be placed into a centrifuge rotor 

opening directly or via an adapter. The centrifuge is then operated at a speed and for a period 
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of time necessary to cause the separation of solid and liquid phases. Upon the completion of 
the centrifugation, a solid pellet is formed on the liner and is covered by a supernatant layer. 
The amount of the pellet and the volume of supernatant obtained depend on the quantity of the 
sample and the concentration of the solid phase in the sample. The supernatant is usually 
decanted and the liner with pelleted solids is removed from the container. When a two- 
member'centrifuge container is used, the liner is removed from the container by separating the 
two members of the container. The pelleted material may, if desired, be harvested by 
scrapping or by resuspending in a suitable liquid, such as a buffer solution, salinic solution, 
water, etc. As the solid recovery efficiency is higher in this method compared to conventional 
ones, this method is particularly beneficial when solids are harvested from diluted samples. 

In one embodiment, the liner is disposable. The disposable liner provides additional 
advantages of convenience, effectiveness of sample processing and centrifuge container 
cleaning. Using disposable liners is especially advantageous when processing hazardous 
materials, for example, biohazardous materials, which require minimal direct exposure of a 
technician to hazardous pellets. In another embodiment, the disposable liners are pre- 
sterilized, which significantly simplifies the aseptic sample processing. 

The present invention extends to the separation of solids from suspensions. A solid is 
defined herein as any physically separable matter and includes settable solids, suspended solids, 
colloidal solids, cells and formed elements of blood, e.g., platelets, granulocytes 
(polymorphonuclear), lymphocytes, monocytes, etc. The suspensions can be a wide range of 
materials, including, but not limited to, biological materials such as culture media, cell lysates, 
bodily fluids (e.g., blood and urine), and industrial fluids such as waste washout liquid and 
sludge containing solid materials. 

Thus, the liner of the present invention and the method of its use in separating solids 
from suspensions are well adapted to attain all of the ends and objects set forth above, together 
with other advantages which are inherent to the system. The present invention may be 
embodied in other specific forms without departing from its essential characteristics. The 
described embodiment is to be considered in all respects only as illustrative and not as 
restrictive. The scope of the invention is, therefore, indicated by the appended claims rather 
than by the foregoing description. All changes which come within the meaning and range of 
the equivalence of the claims are to be embraced within their scope. 
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